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Introduction 


e We would like to understand dissipative dynamics from the 
viewpoint of microscopic QFT. 


e Dynamic universality classes are much more complicated than 
static ones. 


e Real-time functional RG is a new possibility to treat dynamic 
fluctuations in a systematic manner. 
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Effective description of model A 


Purely dissipative relaxation: Langevin eq. 
(9: order para., H: Landau-Ginzburg Hamiltonian, 7: random force) 


OH. 
Ss petaka 
OP = 56 +n 


Assumption: Time scale of p >> Microscopic time scale 


Random force is a white Gaussian noise with Einstein’s rel. 


(nlt, Int, a) = Ft — öle — 2’). 
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Equivalent field theory 


Transition amplitude: (6: Martin-Siggia-Rose response field) 


> > 0 
| 2epemn exp ie (a0 + Des — n) - Dr | 


H\ Do, 
| Ponev ie (004575) 3 | 


Question 
Can one construct this theory starting form microscopic QFT? 


(See Morimatsu et. al. (arXiv:1411.1867) which applies the 2PI method for this purpose. ) 


Z 
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Goals 


o We develop the renormalization group for CTP effective actions: 
Real-time FRG. 


@ We compute the dynamic critical phenomenon of the relativistic 
QFT using the real-time FRG. The microscopic action is 


Sly] = [erate (Gü. = mg _ q») 
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Closed-time path formalism 


Closed-time path formalism & Fluctuation-dissipation theorem 


Yuya Tanizaki (University of Tokyo, RIKEN) Real-time FRG 


Closed-time path (CTP) formalism 


Schwinger—Keldysh formalism: 


Z 


tr [Ap(t,, ti)] = tr [etem Pk) 
= | Derbo-tesitlpole-iti expi(S[y+] — S[y_]). 


We need forward and backward paths along the real-time direction: 


t 
c, Lt 


> 


PD C 
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Closed-time path formalism 


Classical and quantum fields 


Introduce classical and quantum fields 


p= (p+ + p-)/2, P= p4 — p-. 


Motivation 
© becomes the order parameter field, and y the MSR field: 


Slol- Sle- = | lag +o), 


The leading term gives the classical eom. 
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Closed-time path formalism 


Fluctuation-Dissipation Theorem 


Retarded and statistical propagators are closely related. 


(o(p)e(—p)) = coth İm (il) öp). 


Take the derivative expansion of the inverse retarded propagator. 


re ( ) = 0 Z1? = Zip + iw 
P) = (ZIW — Zip? —iQw iNwcoth(Bw/2) 


The same Q must appear thanks to FDT! 
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Closed-time path formalism 


Local interaction approximation 


The interaction part of the CTP effective action is assumed to be 
local, 
U = mM 9942 (cı == v?/2) O2 + A2,30903, 


with the O(N) invariants, 


1 : EF 
o, = 5 Pas 02 = PPa, 03 = 5% Pas 
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Closed-time path formalism 


Local interaction approximation 


Another term, such as 
11130103, 


may be included as a local interaction from the viewpoint of 
symmetry, but FDT states that 
A13 — 0. 


In the UV region (or T = 0), furthermore, FDT gives another 
constraint: 


Alg — 4r23 = A/3. 
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Real-time FRG 


Real-time functional renormalization group 
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Real-time FRG 


Wetterich equation 
Schwinger functional WA with an IR regulator Ra: 


exp(Wa|J I) = | Does (- slo] — 50° Ry-o+Jd- 6). 
The 1PI effective action T'yis introduced via the Legendre trans.: 


Tale] + 50: Rap = İl e — Waldlel) 


which obeys the flow eg uation (Wetterich 1993, Ellwanger 1994, Morris 1994) 
OnRa 


1 
INN = 0. WA = 5 


(?TA/öyöp + Ba” 


Properties of VA: Ta > S as Ra > œ, and Pr >I as R> 0. 
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Real-time FRG 


Functional Renormalization Group 


FRG modifies the CTP action as Sp, 9] > Sly, | + Ax Sly, @l, 
where 


Arse =— | orale vor) 
x,y 
The function R4 is a momentum-dependent mass term, i.e. 


ye y’; p) = Ry(p)d(2° = y’) bab, 


The initial density matrix must also be modified to respect FDT. 
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Real-time FRG 


Renormalization Group equation 


The 1PI effective action I’, follows the one-loop exact RG equation: 


0. a A 
Jz. * ii if Tr O ReG; wp) > 


with s = Ink/A. It connects quantum and classical effective actions: 


I> T as s— —00, T>S as s— 0. 
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Scaling properties 
At low energies and momenta, we assume the scaling property 
w ~ İpi. 


Scale-invariance of the lowest order derivatives tells the scaling 
dimensions of classical/quantum fields: 


i] = (02410), [8] = ly] +2 


The scaling dim. of quantum fields is larger than that of classical 
fields by z. 


CN UV fixed point 
2=2+cn+ IR fixed point 


(Mesterhazy, Stockemer, YT, PRD 92 (2015) 076001) 
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Real-time FRG 


Dispersion Relation 


Dispersion relation at high-temperature phase of the 
order-parameter field p: 


lp) = i alm +P’). 


Microscopic OFT and the macroscopic dynamics (model A) is 
connected within our ansaiz. 
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Numerical results 


Numerical results 
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Numerical results 


RG flow at the critical temperature Ts cr 
( N = 1 at T £0.) (Mesterházy, Stockemer, YT, PRD 92 (2015) 076001) 


0.10 o ] 200 
0.08! 1.5} 
0.06; i 
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We obtained the scaling behavior: 
Que", Z1! —0. 


As the RG scale is lowered, Z|! goes inside the negative region. 
This behaviors is out of the scope of our truncation, and we put 


ZI = 0 at low-energy scales. 
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Numerical results 
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s =In(k/A) 


We find the dynamic scaling exponent is (Meserházy, Stockemer, YT, PRD 92 
(2015) 076001) 
z = 2.025 


This is almost consistent with previous studies of model A. 
Monte Carlo (Physica A 214 (1995) 547, JPSJ 69 (2000) 1931), FRG for Langevin eq. 


(arXiv:cond-mat/0606530) 
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€-expansion 


e-expansion 
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€-expansion 


Expansion around the upper critical dimension 


Set d = 4 — e. One can check the regulator dependence of static and 
dynamic scaling exponents (Mesterhâzy, Stockemer, YT, PRD 92 (2015) 076001): 


mt] Çele) Da 


Exponential cutoff! 1/2 0.73 
Litim cutoff? 1/2 1/2 
Sharp cutoff? 00 —1 
Effective theory 1/2 0.73 


Cutoff functions are given by 
Ry(p) = Z pp), 


where (1) Texp = (eY — 1), (2) rope = (1/y — 1) 8(1 — y), 
(9 sharp = 1/0(y — 1) -1. 
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Summary 


Summary 
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Summary 


e Fluctuation-dissipation theorem plays an important role to 
introduce the dissipative dynamics. 


e Our low-energy description gives the model A, and the critical 
exponents are consistent with previous studies. 


e However, the obtained model A dynamics is a consequence of 
our ansatz. 
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Questions 


Question 
How can we describe model H? | 


There are several conserved quantities: 
o Energy-momentum tensor: pun 
e Noether charge (Baryon number): 7° 


Can we treat the mode coupling among p and these composite fields 
starting from microscopic QFT? 
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